Little is known about the association between menstruation and sleep disturbance in adolescent girls. This study examined sleep duration, insomnia symptoms, and sleep quality in relation to age at menarche and menstrual problems in a large sample of Chinese adolescent girls. Methods: This report represents the baseline data of an ongoing longitudinal study of the Shandong Adolescent Behavior & Health Cohort in Shandong, China. A total of 5800 girls aged 12-18 years (mean age = 15.0, standard deviation = 1.4) participated in the baseline survey. A structured questionnaire was used to assess participants' age at menarche, menstrual cycle interval, menstrual flow length, period irregularity, period pain, body weight and height, and demographics. Internalizing and externalizing problems were measured by the Youth-Self Report of Child Behavioral Checklist. Sleep duration, insomnia symptoms, and sleep quality were assessed by the items adapted from the Pittsburgh Sleep Quality Index. Results: After adjusting for age, school, body mass index, internalizing and externalizing problems, and family covariates, irregular periods (odds ratio [OR] = 1.46, 95% confidence interval [CI] = 1.06-2.02), period pain (OR = 1.99, 95% CI = 1.44-2.76), and menstrual flow length ≥7 days (OR = 1.21, 95% CI = 1.00-1.48) were significantly associated with insomnia symptoms. Irregular periods (OR = 1.72, 95% CI = 1.30-2.27) and period pain (OR = 1.78, 95% CI = 1.34-2.37) were significantly associated with poor sleep quality. Age at menarche ≤11 years (OR = 1.62, 95% CI = 1.05-2.50) was significantly associated with insomnia symptoms in 12-to 14-year-old girls. Conclusions: Our results suggest that irregular periods and period pain appear to be associated with sleep disturbance and that early menarche may have short-term impact on sleep in adolescent girls.
INTRODUCTION
Adolescence is a transitional period from childhood to young adulthood, accompanied by tremendous physical, psychological, and biological changes. One of the marked changes is sleep-wake regulation and sleep patterns.
1,2 Adolescent sleep is characterized by reduced time in slow-wave sleep and latency to rapid-eye-movement sleep and a preference for a delayed sleep phase. 2 Adolescents are vulnerable to insufficient sleep, irregular sleep patterns, and daytime sleepiness due to the misalignment of endogenous circadian rhythms, puberty-related phase delay, and the demands of school and social life (such as early school start times, heavy homework loads, and social nighttime activities). 3, 4 Sleep problems such as insomnia symptoms and excessive daytime sleepiness are prevalent in adolescents. 5 The prevalence rates of difficulty initiating sleep (DIS) and excessive daytime sleepiness in most epidemiological studies of general adolescent populations are 10%-20% 6-9 and 20-40%, 9, 10 respectively. During puberty, sex differences in insomnia emerge, with girls reporting more insomnia symptoms and frequent nightmares than boys. 5, 11, 12 Menarche is defined as the first menstrual cycle or first menstrual bleeding in adolescent girls. Menstrual cycle is controlled by the hypothalamic-pituitary-ovarian axis and is influenced by general health, biological, genetic, nutritional, and psychosocial factors. 13, 14 The median age of menarche is 12-13 years in most developed countries. 15 Early menarche has been demonstrated to be associated with anxiety/depression, substance use, and suicidal behavior in adolescents. [16] [17] [18] A couple of epidemiological studies reported that gender differences of insomnia appeared after the onset of menses or in the later stages of puberty development. 5, 11 However, few studies have specifically examined the association between age at menarche and adolescent sleep.
Menstrual problems such as dysmenorrhea (period pain), irregular menstrual cycles, and heavy bleeding are common gynecologic complaints among adolescent girls. 13, 19 According to a recent literature review, for example, the prevalence of dysmenorrhea or menstrual pain in adolescent girls is between 16% and 93%, with severe pain being 2% to 19%. 20 In a recent study of adolescent girls, the prevalence rates of severe, moderate, and mild dysmenorrhea were 29%, 43%, and 28%, respectively, and 34% of the sample defined their menstrual cycle as irregular. 21 Menstrual problems are the leading cause of school absenteeism and can impact quality of life and increase risk of mental health problems and suicidality. 16, 22, 23 Menstrual problems may affect girls' sleep and increase risk of sleep disturbance because both sleep and menstruation are associated with the hypothalamic-pituitary axis activities 14, 24 and because sleep disturbance and mental health problems are bidirectional. 25, 26 However, no studies have specifically examined the association between menstrual problems and sleep in adolescent girls.
Statement of Significance
This was one of the first studies to examine the associations between age at menarche and menstrual problems and sleep in a large sample of adolescent girls. Our study demonstrated that early menarche and menstrual problems are associated with increased risk of insomnia symptoms and poor sleep quality. The findings may provide additional perspectives to help understand the increased risk and emergence of gender differences in insomnia during adolescence. The findings may have important implications for sleep hygiene and pubertal development education and clinical implications for early identification and treatment of both menstrual and sleep problems in adolescent girls. Further research is needed to better understand the complicated relationships between pubertal development, menstrual problems, mental health, and sleep.
The current study of a large sample of Chinese adolescent girls was conducted to address the data gap and answer the question of whether menarche and menstrual problems were associated with sleep disturbance after controlling for potential confounding effects of demographics and mental health problems. 1, 14, 25, 26 
METHODS

Participants and Procedure
Shandong Adolescent Behavior & Health Cohort (SABHC) is an ongoing longitudinal study of adolescent health in Shandong, China. This analysis included all female participants aged 12-18 years (n = 5800) in the first wave of data collection. Sampling and data collection have been described elsewhere. 16 In brief, participants included 11 836 7th-11th graders from five middle and three high schools in three counties of Shandong Province, China. Shandong, located in the middle eastern coast of China, with a total population of 95.8 million, is a typical province in terms of population structure and social and cultural life. The three counties and eight schools in Shandong were selected for the study, with consideration of their social demographics, the representativeness of students in the region, prior study collaboration, convenience, and budget. The eight schools have different school start times from 06:20 am-7:50 am and school end times from 04:20 pm-5:45 pm.
In November-December, 2015, a total of 12 301 7th-11th graders in the eight schools were invited to complete a self-administered, structured adolescent health questionnaire (AHQ) to assess pubertal development, sleep, risk behaviors, and mental health. After getting permission from the target schools, trained master-level public health workers administered AHQ to participants in their classrooms during regular school hours. Before filling out the questionnaire, participants were instructed to read the instructions carefully and informed that the survey was anonymous and their participation was voluntary without any penalties for nonparticipation. A total of 11 836 (94%) students returned their questionnaires and 5813 (49%) were girls. We had used the same procedure for several epidemiological studies of school students in China and obtained similar response rates. 7, 27, 28 The study was approved by the research ethics committee of Shandong University School of Public Health and the target schools. Informed consent was obtained from participants, and permission was obtained from parents before the survey.
Measures Sleep Duration and Sleep Disturbance
Nocturnal sleep duration, insomnia symptoms, and sleep quality were assessed by five items adapted from the Pittsburg Sleep Quality Index (PSQI). 29 Sleep duration was asked as such, "During the past month, on an average school day, how many hours of actual sleep did you get at night?" Insomnia symptoms during the past month were asked about DIS, difficulty maintaining sleep (DMS), and early morning awakening (EMA). 30 The participants answered each question about insomnia with a response option of 1 = rarely or never (<1 time/week), 2 = sometimes (1-2 times/ week), 3 = often (3-5 times/week), or 4 = almost every day (6-7 times/week). If the response was often or almost every day, the symptom was considered clinically significant (ie, at least 3 times/week). 30 Sleep quality was assessed by the question "During the past month, how would you rate the quality of your sleep overall?" with a response option of 1 = "excellent," 2 = "good," 3 = "poor," or 4 = "very poor". The Chinese PSQI has been demonstrated to have satisfactory psychometric properties. 31 The five items for the current study were used in our previous studies of Chinese adolescents. 7, 27, 28 The 2-week test-retest reliability of the insomnia symptoms (sum of scores on the three insomnia symptoms) was 0.70 (p < .0001) in two classes of high school students (n = 85).
Age at Menarche and Menstrual Problems
Six questions were used to collect information about menstruation. Menarche was defined as the first menstrual period and was asked by "Have you begun to menstruate?" If the answer was "yes", age at menarche was then asked by "How old were you when you had your first period?" Menstrual cycle interval was asked by "How long is your typical cycle interval from day one of a menstrual period to day one of the next period?" Menstrual flow length was asked by "On average, how many days does your period last?" Menstrual regularity was asked by "How regular is your menstrual period?" with a response option of "regular," "sometimes irregular," or "very irregular". Period pain was asked by "Do you have painful periods or menstrual cramps?" with a response option of "none," "mild," "moderate," or "severe".
Study Covariates
Adolescent and family factors selected for this analysis as covariates included adolescent age, body mass index (BMI), internalizing and externalizing problems, father education, and family economic status. These covariates were selected based on the associations of these variables with sleep and/or menstruation in previous studies. 3, 17, 32, 33 School was also included as a covariate because the target schools had different school schedules, which had effects on students' sleep patterns and sleep duration. 3, 27 Participants were asked to report their body weight, height, father education (primary school, middle school, high school, professional school, or college and above), and family economic status (excellent, good, fair, poor, or very poor). BMI was calculated by body weight divided by the square of body height (kg/m 2 ).
Internalizing and externalizing problems were assessed by the Chinese version of 1991 Achenbach Youth Self-Report (YSR) of Child Behavior Checklist. 34, 35 The YSR comprises 103 problem items to which the respondent can answer "0" if the problem is not true of him or herself, "1" if the item is somewhat or sometimes true, or "2" if it is very true or often true within the past 6 months. By summing 1s and 2s on all problem items, eight syndromes and two second-order factors (internalizing and externalizing) can be assessed. The externalizing factor is made up of aggressive behavior and delinquent behavior, and the internalizing factor is made up of the anxious/depressed, withdrawn, and somatic complaints. The Chinese YSR has shown satisfactory psychometric properties in adolescents in China. 35 Cronbach alpha was 0.91 for internalizing problems and 0.89 for externalizing problems with the current sample.
Statistical Analysis
Means and standard deviations (SDs) for continuous variables or percentages for categorical variables were used to summarize sample characteristics, menstrual problems, and sleep variables. Based on previous studies and mean ± SD, three categories were divided for menstrual cycle interval (≤24 days, 25-34 days, and ≥35 days), 36 menstrual flow length (≤3 days, 4-6 days, and ≥7 days), 14 and age at menarche (≤11 years, 12-14 years, and ≥15 years). 37 Gynecologic age was calculated by actual age minus age at menarche. 38 Student t test was used to examine the difference in sleep duration between adolescents with and without menarche. General linear model was used to examine the difference in sleep duration across ages at menarche and menstrual problems. Univariate logistic regression analyses were performed to examine the associations between menarche and menstrual problems and insomnia symptoms and poor sleep quality. Multivariate logistic regressions were performed to examine the independent associations of insomnia symptoms and poor sleep quality with menarche and menstrual problems, adjusting for the effects of adolescent and family covariates (age, school, BMI, internalizing and externalizing problems, father education, and family economic status). Statistical tests of the regression estimates or odds ratios were based on Wald statistics. Separate analyses were conducted for early (12-14 years) and late (15-18 years) adolescent girls. 39 All statistical analyses were performed using IBM SPSS Statistics for Windows, Version 22.0 (Armonk, New York: IBM Corp.).
RESULTS
Of the 5813 female adolescents who participated in the SABHC baseline survey, 5800 were aged 12-18 years and were included for the current analysis. Mean age was 15.0 years (SD = 1.4). Table 1 shows mean body weight, height, BMI, mean scores of internalizing and externalizing problems and distributions of age, father education, and family economic status. Table 2 summarizes menarche status, age at menarche, gynecologic age, menstrual patterns, and problems. As shown in Table 2 , 91.7% of the sample had had menarche. Of the girls who had had menarche, mean age at menarche was 12.7 years (SD = 1.0), 10.1% had menarche at age ≤ 11years and 4.3% at age 15 or above. Mean gynecologic age was 2.5 years (SD = 1.4). Gynecologic age was significantly correlated with actual age (r = 0.71, p < .001). Of the girls who had had menarche, mean menstrual cycle interval was 28.8 days (SD = 7.2) and mean menstrual flow length per period was 5.5 days (SD = 2.1). Regarding menstrual regularity, 73.5% and 10.0% of the girls reported having irregular periods sometimes and very irregular periods, respectively. More than 70% of the girls reported having period pain and one in four having moderate or severe period pain.
Menarche, Menstrual Patterns, and Problems
Sleep Duration and Sleep Disturbance
As shown in Table 3 , mean nocturnal sleep duration of the samples was 7.04 hours (SD = 1.41, median = 6.72). Sleep duration significantly declined with advancing age (r = 0.462, p < .0001). Of the sample, 16% slept fewer than 6 hours per night and 10.5% slept 9 hours or more. About 14% of the girls reported having at least one of the three insomnia symptoms (DIS, DMS, or EMA) (≥3 times/week). DIS was the most prevalent symptom (9.3%), followed by EMA (4.0%) and DMS (3.7%). In terms of sleep quality, 38% reported their sleep quality as excellent or good, 39% fair, and 23% poor or very poor. Figure 1 shows the comorbid relationship between insomnia symptoms and poor sleep quality. As shown in Figure 1 , 7.8% Table 4 presents mean sleep durations by menstrual variables. Mean sleep duration was about 1 hour shorter in girls who had had menarche than those who had not (t = 15.32, p < .0001). However, the difference became nonsignificant after adjusting for adolescent and family covariates (F = 1.20, p = .263). For those girls who had had menarche, mean sleep duration significantly declined with gynecologic age (F = 2.28, p = .034) and menstrual irregularity (F = 4.83, p = .028) after adjusting for adolescent and family covariates. Age at menarche, menstrual cycle interval, menstrual flow length, and period pain were not independently associated with sleep duration.
Menarche, Menstrual Problems, and Sleep Duration
Late adolescent girls slept about 1.5 hours shorter than early adolescent girls (6.56 ± 1.24 vs. 8.00 ± 1.25, t = 40.93, p < .0001). Separate analyses showed no significant associations between any menstrual variables and sleep duration in either early or late adolescent girls after adjusting for adolescent and family covariates (Table 4) .
Menarche, Menstrual Problems, and Insomnia Symptoms
As presented in Table 5 , menarche was associated with increased risk of insomnia symptoms and poor sleep quality but the association became nonsignificant after adjusting for adolescent and family covariates. Ages at menarche ≤11 and ≥15 were significantly associated with increased risk of insomnia and age at menarche ≤11 remained to be significant (OR = 1.45, 95% confidence interval [CI] = 1.12-1.88) after adjusting for adolescent and family covariates.
Menstrual flow length ≥7 days (OR = 1.21, 95% CI = 1.00-1.48), often irregular periods (OR = 1.46, 95% CI = 1.06-2.02), and severe period pain (OR = 1.99, 95% CI = 1.44-2.76) were significantly associated with increased risk of insomnia symptoms after adjusting for adolescent and family covariates.
Separate analyses showed that menarche (OR = 1.56, 95% CI = 1.01-2.40) and age at menarche ≤11 (OR = 1.62, 95% CI = 1.05-2.50) were independently associated with increased risk of insomnia symptoms in early adolescent girls. Menstrual flow length ≥7 days (OR = 1.48, 95% CI = 1.18-1.86) and severe period pain (OR = 2.18, 95% CI = 1.52-3.11) were significantly associated with increased risk of insomnia symptoms after adjusting for adolescent and family characteristics in late adolescent girls (Table 5) . Table 6 presents the associations between menstrual variables and poor sleep quality. For the entire sample, often irregular periods (OR = 1.72, 95% CI = 1.30-2.27) and severe period pain (OR = 1.78, 95% CI = 1.34-2.37) were significantly associated with elevated risk of poor sleep quality after adjusting for adolescent and family characteristics. For early adolescent girls, menarche (OR = 1.04, 95% CI = 1.01-1.06) and often irregular periods (OR = 2.30, 95% CI = 1.16-4.54) were significantly associated with increased risk of poor sleep quality after adjusting for adolescent and family characteristics. For late adolescent girls, often irregular periods (OR = 1.61, 95% CI = 1.18-2.20) and severe period pain (OR = 1.81, 95% CI = 1.33-2.46) were independently associated with elevated risk of poor sleep quality.
Menarche, Menstrual Problems, and Poor Sleep Quality
DISCUSSION
To our knowledge, this is the first comprehensive study to examine sleep duration, insomnia symptoms, and sleep quality in relation to menarche and menstrual problems in a large sample of adolescent girls (n = 5800). Our major findings are summarized and discussed below.
Menarche was significantly associated with increased risk of insomnia symptoms and poor sleep quality in early adolescent girls. This finding is consistent with a US study of 1014 adolescents that reported that onset of menses was significantly associated with increased risk for insomnia and the association had no change after adjusting for major depression. 5 Rapid physical and endocrinological changes and associated psychosocial stress around the onset of menses may increase the risk of mental health problems and sleep disturbance. 5, 17 Early menarche (11 years or earlier) was significantly associated with increased risk of insomnia symptoms in early adolescent girls but not in late adolescent girls. Although no studies have specifically examined the impact of age at menarche on sleep in adolescent girls, it is not surprising that early menarche was associated with sleep disturbance. This is because early menarche has been demonstrated to increase risk of anxiety/ depression, substance use, and suicidal behavior, [16] [17] [18] 40 all of which are associated with sleep disturbance. Our finding that early menarche was not associated with sleep disturbance in late adolescence is supported by recent evidence that the impact of early menarche on mental health may disappear in later adolescence. 41, 42 Collectively, these findings suggest that early menarche may have short-term impact on sleep and increase risk of sleep disturbance, possibly due to rapid biological changes and stress and worries associated with these changes in the early adolescence. 42 Our results showed that menstrual problems including menstrual flow length ≥7 days, irregular periods, and severe period pain were independently associated with increased risk of insomnia symptoms or poor sleep quality in either early or late adolescent girls. The associations between menstrual problems and sleep disturbance observed in the current study may be explained by direct and indirect effects of menstrual problems on sleep. For example, many studies have demonstrated that menstrual problems, including period pain and irregular periods, are the leading cause of school absenteeism, can impact quality of life, and increase risk of mental health problems and suicidality, 16, 22, 23 all of which, in turn, can affect girls' sleep and increase risk of sleep disturbance. However, the associations between menstrual problems and sleep disturbance cannot be fully explained by the indirect effect of mental health problems. This is because the associations were only attenuated to a small extent and the directions had no change after adjusting for both internalizing and externalizing problems. Our findings suggest that the association between menstrual problems and sleep disturbance is mediated partially by mental health problems. Further studies are needed to examine the pathways, mediators, and moderators and underlying biological and genetic mechanisms between menstrual problems and girls' sleep disturbance. Age at menarche and menstrual problems were not independently associated with sleep duration after adjusting for adolescent and family covariates. It is warranted to examine early menarche and menstrual problems and objectively measured sleep duration because self-reported and objectively measured sleep is not highly correlated due to recall bias. 43 
Study Strengths and Limitations
This study was conducted in a large sample of Chinese adolescent girls (n = 5800). Multivariate analyses were conducted to control for multiple adolescent and family covariates, including age, BMI, internalizing and externalizing problems, and family demographics. However, this study has several limitations that need to be considered when interpreting its findings. First, since all measures used in this study were self-reported, it is possible that some of the effects may have been due to shared method variance. However, age at menarche and menstrual problems may be less likely to be affected by recall bias 44 because menarche is a girl's developmental milestone and menstrual problems may occur every month. The findings that age at menarche and menstrual problems are comparable to other studies of adolescent female populations 22, 45 are assuring. Second, while self-reports and interviews remain the measures of choice in large-scale epidemiologic studies, 28 electroencephalography and actigraphy, are desirable. Third, as is true for all cross-sectional studies, we could not determine the causality between early menarche, menstrual problems, and sleep disturbance. Prospective studies with objective assessment of sleep and clinical diagnoses are needed to examine their causal relationships. Furthermore, although sample size is large, it is unknown whether the findings from participants in eight schools in Shandong could be generalized to other adolescents. In summary, our study of a large sample of adolescent girls demonstrated that early menarche and menstrual problems were associated with increased risk of insomnia symptoms or poor sleep quality. Although no causal relationships could be made from the cross-sectional study, these findings may have important public health implications for sleep hygiene and pubertal development education and important clinical implications for early identification and treatment of both menstrual and sleep disturbances in adolescent girls. These findings may also be important for further study of the complicated relationship and underlying biological mechanism between pubertal development, menstrual problems, mental health, and sleep.
